ABSTRACT
The effects of a thin (-1.3 nm) intervening native GaAs oxide interface layer on the In/GaAs reaction have been investigated by comparing the reactions of In on GaAs substrates with the native oxide present or desorbed. Transmission electron microscopy of cross-sectional samples reveals that the thin native oxide layer, when present, disrupts the In/GaAs orientation relationship in as-deposited samples and prevents an extensive reaction between In and GaAs at 350°C. These data also show that the In/GaAs reaction at 350°C proceeds by dissolution of the GaAs substrate into the molten In followed by the subsequent nucleation and growth of epitaxial 1n 1 Ga As particles with -x x x ~ O~ ,or x ~ 0.8 only, indicating immiscibility. The In 1 Ga As/GaAs -x x interfaces are found to be structurally and compositionally abrupt to within -3 nm., The effects of the interfacial native oxide on the In/GaAs reaction and the observation of an InAs-GaAs miscibility gap have implications for the fabrication of In/GaAs ohmic contacts by thermal reaction.
The conventional method for fabricating ohmic contacts to n-GaAs involves the dissolution of GaAs by a Au-Ge eutectic layer and the subsequent epitaxial regrowth of Ge-dopedGaAs. Presumably, G~ acts as a donor, thereby producing an n+-GaAs layer which can be easily penetrated by tunnelingelectrons. 1 Concerns for lateral uniformity, reproducibility and stability, however, have motivated recent investigations of alternative ohmic contact schemes. One of the approaches involves the formation of a graded In 1 _ x Ga x As heterojunction. Such a heterojunction, grown by molecular beam epitaxy (MBE), has been shown to produce a low-resistance ohmic contact to n-GaAs 2 since the Fermilevel ;s pinned in the conduction band of InAs. The grading of the heterojunction smooths out the conduction band discontinunity, thereby facilitating electron flow. Recent attempts by Lakhani 3 , 4 to form a similar graded In 1 Ga As heterojunction by thermal reaction of In -x x on GaAs have been less successful due to the localized nature of the reaction. However, Lakhani has suggested that an ion-exchange reaction does produce a graded heterojunction in. the isolated reacted regions.
As part of our ongoing studies of metal/GaAs interactions we have been examining the role of native oxides in determining the lateral uniformity of the reacted layers. 5 ,6 In this study, we report on the Annealing the oxide-free sample at 350°C results in the formation of epitaxial In l Ga As patches within each In island. One such -x x patch is shown in Fig. 2 . Sharp diffraction spots and misfit dislocations separated by 3-4 nm in a narrow band show that the interface is structurally abrupt to within -3 nm. The abrupt nature of the interface is also evidenced by the moir€ fringes with well-defined spacing.
Using Vegard's law, the composition of the epitaxial patch is estimated to be -InO.gGaO.lAs. The EDS data are consistent with this result considering that the spectrum from region A (Fig. 2 ) also contains counts from the surrounding GaAs substrate. Abrupt interfaces were observed in all patches formed on the oxide-free substrate. In other words, graded In l Ga As layers were not observed.
-x x Annealing-of-the sample with-the-native oxide resulted in a sub-_ stantially different morphology. Figure 3 shows that most of the indium remains unreacted. Small patches of Inl_xGaxAs (x ~ 0.2) did form locally at pores or thin regions in the native oxide layer. These In1_xGaxAs interfaces were again found to be structurally and compositionally abrupt as indicated by the sharp diffraction spots in electron diffraction patterns. Figure 4 is an enlarged view of the In O . S Ga O . 2 As patch in Fig. 3 . It is apparent that accommodation of oxide particles present at the interf~ce results in the formation of stacking faults. In contrast, no such faults were observed after annealing the oxide-free samples (see Fig. 2 ). These results clearly demonstrat~ the adverse effects of a thin native oxide layer on the In/GaAs reaction. Although the intervening oxide determines the extent of the reaction and the defect density in the epitaxial Inl_xGaxAs islands, the reaction mechanism is essentially the same in both the sample with the native oxide and the sample free of native oxide. We bel ieve that the In/GaAs reaction as observed in these samples does not involve significant solid-state interdiffusion (cation exchange). Such an exchange reaction as observed, for example, in the CuCl(aq)/CdS system 9 requires high cation mobility in the reacted layer at the reaction temperature.
Instead the results above are consistent with the interpretation that above the melting point of In (lS6 Q C), Ga and As dissolve into the molten In. As the composition of the melt enters the two-phase region of the equilibrium phase diagram between In-Ga(l) and In1_xGaxAs, the driving force for the nucleation of In l Ga As increases. The composi--x x tion of the epitaxial In l Ga As patch is determined by the degree of -x x Ga and As supersaturation in the melt at the time of nucleation. Since nucleation can occur either during annealing or during cooling, a wide range of compositions is possible. In this study, however, we have found In l Ga As patches with x < 0.2 or x > 0.8. The absence of epi--x x taxial patches with 0.2 < x < 0.8 suggests that the ~nth~lpy of mixing is sufficiently high so as to create a miscibility gap in the InAs-GaAs LA WRENCE BERKELEY LABORA TORY  TECHNICAL INFORMATION DEPARTMENT  UNIVERSITY OF CALIFORNIA  BERKELEY, CALIFORNIA 94720 
